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2012.06.0Abstract Paraphenylene-diamine (PPD) is a widely used chemical in almost all hair dye formula-
tions. Themain purpose of using PPD as hair dye ingredients is to fasten the process of dyeing as com-
pared to traditional henna. Since mammalian contact with these chemical via the scalp for cosmetic
applications such as hair dyes the current study was designed to investigate potency of PPD to induce
toxic effects upon the liver, kidney, heart and pancreas after 30 days of continuous daily dermal appli-
cation in three different dosages 1, 2, 3 mg/kg in 30 adultmale Albino rats, 10 per each group.Another
10 animals were served as a control group received only distilled water. PPDwas dissolved in doubled
distilled water. The rats were painted on their dorsal side clipped free of fur with PPD solution or
vehicle alone. At the end of period of experiment, rats were scariﬁed by cervical dislocation, blood
was collected for evaluation of hepatic, renal, cardiac functions and the serum glucose level, while
internal organs (liver, kidney, heart, and pancreas) were collected for histopathological examinations.
The results proved that sub chronic dermal exposure to PPD can induce hyperglycemia, disturbed
hepatic, renal and cardiac functions. The histopathological ﬁndings showed that PPD cause mild,
moderate, and severe chronic inﬂammation in the heart and liver. In the kidney and pancreas it causes
moderate and severe chronic inﬂammation. In a conclusion, this study established the multivisceral
toxic effects of sub chronic dermal exposure to paraphenylene-diamine.
ª 2012 Forensic Medicine Authority. Production and hosting by Elsevier B.V. All rights reserved.002962508–0867821221.
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031. Introduction
Paraphenylene-diamine (PPD) is a synthetic compound that is
widely used as a hair dye, in fur and dark cosmetics and tem-
porary tattoo, and in photochemical measurements, and also
in manufacturing of tire cords and photographic developer.
It is mainly used to intensify the black colored produced byby Elsevier B.V. All rights reserved.
106 M.A. Abd-ElZaher et al.henna (Lawsonia inermis) and to reduce the time required for
dyeing and decorating hands and feet with henna.1
PPD is a colorless, slightly pink, gray or yellow crystalline
solid (lump or powder). On oxidation, usually through expo-
sure to air, it turns red, brown, then ﬁnally black. PPD is de-
scribed as a black mineral from the banks of Nile River. PPD
is commonly mixed with henna in Africa, Middle East, and In-
dian subcontinent, which is traditionally applied to color
palms of hands, soles and feet and to dye hair a dark red
shade. Dermal exposure study of environmentally available
chemicals is a new initiative in the ﬁeld of toxicology research.
This is particularly more relevant in case of chemicals that ﬁnd
its way into human system through the skin.2
Paraphenylene-diamine (PPD) is used in the manufactures
of hair dyes, textiles and leather. In USA, about one third of
the adult women use PPD containing hair dyes. Currently,
PPD is present in more than 1000 hair dye formulations mar-
keted all over the world. Epidemiological studies demonstrated
that workers in the textile dye rubber industries, and hair dye
users incurred a high risk of bladder cancer, non-Hodgkin’ s
lymphoma, multiple myeloma, and hemapoietic cancers.3
In considering any potential replacement of a material or a
chemical by another one due to safety concerns, the primary
role must be above all ‘‘do not harm’’ which means that the
use of any replacement candidate must ultimately result in de-
creased risk. Such a situation is considerably more complex
when we address materials used for cosmetic applications.
Cosmetic application is however, not a trivial use, as most hu-
man consider it, a quality of life improvement, that enhances
appearance and improves self esteem. In fact, recent survey re-
sults indicate that in the U.S., 42% of women and 25% of men
use hair dyes. The use of dyes to alter the coloration of a hu-
man’s hair represents a considerable added degree of complex-
ity in the risk assessment process.4
Henna (Lawsonia inermis) is a ﬂowering plant used since
antiquity to dye skin, hair, ﬁngernails, leather and wool. The
name is also used for preparations used from the plant, and
for the art of temporary tattooing based on these dyes. Addi-
tionally, the name is misused for other skin and hair dyes, such
as black henna or neutral henna, which do not derive from the
plant. Black henna powder may be derived from indigo, or it
may also contain unlisted dyes and chemicals. Black henna
may contain paraphenylene-diamine (PPD), which can stain
the skin black quickly, but can cause severe allergic reactions.
Allergic reactions to PPD include rashes, contact dermatitis,
itching, blisters, scarring and potentially harmful systemic
effects.5
The most frequent serious health consequence of having
‘‘black henna temporary tattoo’’ is sensitization to hair dye
and related chemicals. If a person had a ‘‘black henna tattoo’’
and later dyes their hair with chemical hair dye, the allergic
reaction may be life threatening and require hospitalization.
Because of the epidemic of paraphenylene-diamine allergic
reactions, chemical hair dye products now post warnings on
the labels.6
In addition to the local effects, there is the risk of systemic
toxicity. Transcutaneous absorption of PPD is rapid and may
lead to systemic effects including angioedema, gastrointestinal
disturbance, tremors, drowsiness, convulsions, dyspnea, liver
atrophy, acute renal failure with oliguria, anuria and dark ur-
ine (a characteristic chocolate brown color), cardiac arrest oreven death. Also dermal exposure to PPD may result into mus-
cle pain, tenderness, rigidity, and rhabdomyolysis.7
For safety assessment of personal care products (PCP) the
ingredients that pose complex safety issues must be used cau-
tiously. PCP are generally applied to human skin and mainly
produce local harmful effects, although skin penetration or
via oral cavity, lips, eyes, face or mucosa also produce harmful
systemic effects. Oxidative hair dyes contain arylamines, the
most chemically reactive ingredients of PCP.8
A recent study investigated the dermal exposure of hair-
dressers to oxidative hair dyes. The study focused on hair
dye residues on the hands of hairdressers after hair dyeing with
or without gloves, as well as hand exposure during the cutting
of dyed hair. Meanwhile, the given study did not investigate
the systemic exposure, the signiﬁcance in terms of a human
health risk of small residues detected on the hair-dresser’s hand
is uncertain. Overall, the occupational systemic exposure of
hairdressers to hair dye ingredients remains virtually un-
known.9 The present study was conducted to demonstrate
the dose dependent hepatic, renal, cardiac and pancreatic,
toxic effects of repeated dermal application of paraphenylen-
ediamine on adult male Albino rats.
2. Materials and methods
2.1. Chemicals
The test chemical paraphenylenediamine (PPD) was purchased
from Sigma Chemical Company (St Louis, MO, USA).
- LDH Kit, SPINREACT, S.U, Spain, kinetic UV.DGKC.
- CPK-MB Kit, Analyticon Biotechnologies AG.
- Kits of glucose, urea, creatinine, AST, ALT, and ALP (Col-
orimetric, Kinetics, Human, Germany.2.2. Animals
The experimental procedure was conducted in accordance with
the guide of the care and use of laboratory animals approved
by the committee of Minia University. It was conducted in
the period from May 2011 to January 2012.
Forty rats weighing (185–210 gm) were housed in polypro-
pylene cages under ambient temperature, 21 ± 3 C, and they
were acclimatized to the laboratory condition for one week at
the commencement of the treatment protocol.
2.3. Experimental design and treatment
Animals were randomly divided into 4 groups, 10 animals per
each group.10
Group (1): control group: was painted with distilled water
on their dorsal side.
Groups (2), (3), and (4): were painted on their dorsal side
clipped free of hair with the test chemical dissolved in double
distilled water. The formulations were prepared daily prior
to application. Doses were:
1 mg/kg b.wt. (0.2 mg) for group (2),
2 mg/kg b.wt. (0.4 mg) for group (3),
3 mg/kg b.wt. (0.6 mg) for group (4).
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the animals were clipped free of hair with electric clippers on
an area approximately of 30 cm2, corresponding to approxi-
mately 12.5% of the total body surface area of a 180 gm/rat,
the application sites were abraded prior to the ﬁrst dose and
each week. The animals were painted for 30 consecutive days
with PPD solution or vehicle alone.
The test solution was applied with a plastic syringe and then
spread easily with a spatula over the exposed skin. The test
solution was left on the skin for one hour then washed thor-
oughly with tap water. During the exposure period the appli-
cation sites were protected from light with an occlusive
dressing using light bandage.
2.4. Collection of samples
Animals were sacriﬁced by decapitation after light anesthesia
with ether.
2.4.1. Blood sampling and biochemical analysis
Blood samples approximately 5 ml per animal were taken by
cardiac puncture. Blood samples were kept on ice. Plasma
was obtained immediately after sampling by centrifugation
(4000 rpm for 10 min at 4 C) and placed in plastic tubes con-
taining a solution of D-ascorbic acid, 50 mM (50 ll/ml plasma)
and stored at 20 C until analysis. The following serum bio-
markers were investigated.
 Serum biomarkers of hepatic function:
- AST (serum aspartate transaminase);
- ALT (serum alanine transaminase);
- ALP (serum alkaline phosphatase);
 Serum biomarkers of cardiac function:
- Serum creatine phosphokinase (CPK-Mb);
- LDH (serum lactate dehydrogenate);
 Serum biomarkers of renal function:
- Serum urea;
- Serum creatinine;
 Serum biomarker of pancreatic function:
- Serum glucose level.The biochemical assay was done according to the manufac-
turer’s instructions within two days of serum separation and
absorbance was recorded with a spectrophotometer (Spekol
11 UV visible spectrophotometer ACHTUNG, Vor offnen,
Netzstecher Ziehen).Table 1 Student-t test of serum AST, ALT, and ALP in the studie
Groups AST ALT
X± SD t p X± SD
Group I 38.6 ± 0.96 36.80 ± 1.13
Group II 39.7 ± 0.94 3.16 0.01** 43.7 ± 1.13
Group III 40.4 ± 1.34 4.32 0.02** 48.0 ± 1.69
Group IV 48.8 ± 1.31 16.69 0.01** 56.70 ± 2.21
Data were presented as mean ± SD. P value 6 0.05.2.4.2. Histopathological examinations
Whole liver, kidney, heart and pancreas were taken for ﬁxation
in formalin 10% and parafﬁn embedding 5 lm sections were
cut and stained with H&E then examined by light microscope
for the evaluation of any pathological changes in each organ.
Statistical Analysis: All data were presented as mean ± SD
and compared by Student’s t-test and One way ANOVA test.
A p value < 0.05 was taken into consideration for determining
signiﬁcance. All statistical procedures were computed using
SPSS 10.0 software.3. Results
3.1. Biochemical assay
As shown in Table 1, the serum AST, ALT, and ALP revealed
a highly signiﬁcant increase in their levels among the three
PPD treated groups compared with control rats. In Table 2,
Student’s t-test showed a highly signiﬁcant elevated serum urea
and creatinine in the three PPD exposed groups compared with
the control group. As shown in Table 3, the serum glucose and
CPK-Mb levels increased in the three PPD exposed groups
compared with the control group, meanwhile, such increase
was highly signiﬁcant only in groups (III&IV). The serum
LDH revealed a highly signiﬁcant increased level in the three
PPD exposed groups compared with the control one. As
shown in Table 4, the comparative analysis between the three
exposed groups, revealed a highly signiﬁcant increased levels in
the whole examined parameters in a dose dependent manner.
The only exception was the serum creatinine where such in-
crease was only signiﬁcant in case of comparing group (II) with
group (IV) with increasing dose of PPD. ANOVA test showed
highly signiﬁcant changes between the whole examined groups
(Table 5).
3.2. Histopathological study
Control group showed normal histological appearance but
dose related changes were observed in the exposed groups
where heart showed mild, moderate and severe chronic inﬂam-
mations with increasing the dose in groups II, III and IV
consequently.
On examination of the kidney tissues, there was interstitial
chronic inﬂammatory cells and ﬁbrosis, while with increasing
the dose, severe chronic inﬂammations were detected as in
(Fig. 1a): ﬁbrosed glomeruli, chronic inﬂammatory cells and
thickened wall blood vessels (Fig. 1b): glomerular ﬁbrosis,
tubular cast (Fig. 1c): glomerular ﬁbrosis.d groups (number of each group = 10).
ALP
t p X± SD t p
122.5 ± 1.58
12.17 0.01** 219.6 ± 5.6 48.62 0.01**
14.51 0.01** 237 ± 4.74 65.63 0.01**
21.81 0.01** 249.9 ± 3.14 105.84 0.01**
Table 2 Student-t test analysis of serum urea and creatinine in the studied groups (number of each group = 10).
Groups Serum urea Serum creatinine
X ± SD t p X± SD t p
Group I 26.4 ± 3.23 0.77 ± 0.07
Group II 32.6 ± 1.5 6.08 0.01** 0.93 ± 0.06 6.71 0.01**
Group III 36.0 ± 1.69 8.03 0.01** 0.96 ± 0.04 11.82 0.01**
Group IV 41.8 ± 2.65 9.42 0.01** 0.98 ± 0.04 6.47 0.01**
Data were presented as mean ± SD. P value 6 0.05.
Table 3 Showing Student-t test analysis of serum glucose, CPK-Mb, and LDH in the three PPD exposed groups compared with the
control group (number of each group = 10).
Groups Serum glucose Serum CPK-mb Serum LDH
X± SD t p X± SD t p X± SD t p
Group I 74.2 ± 8.16 154 ± 1.41 233.3 ± 1.88
Group II 81 ± 1.05 2.75 0.22 157.1 ± 4.84 2.05 0.07 256.8 ± 1.75 28.2 0.01**
Group III 118.7 ± 3.56 16.57 0.01** 450 ± 10.4 76.25 0.01** 553 ± 14.68 69.3 0.01**
Group IV 153.7 ± 6.34 27.86 0.01** 575.5 ± 8.43 163.5 0.01** 1375.2 ± 136.5 26.6 0.01**
Data were presented as mean ± SD. P value 6 0.05.
Table 4 Showing Student’s t-test comparative analysis between the Three PPD exposed groups.
Groups AST ALT ALP Urea Creatinine Glucose CPK-mb LDH
II vs III t 1.76 6.6 9.87 5.49 1.61 36.11 94.48 65.72
p 0.01** 0.01** 0.01** 0.01** 0.14 0.01** 0.01** 0.01**
II vs IV t 18.88 15.92 18.95 11.76 2.27 39.55 115.92 26.02
p 0.01** 0.01** 0.01** 0.01** 0.04* 0.01** 0.01** 0.01**
III vs IV t 18.57 7.59 6.92 6.59 0.78 23.02 35.56 19.79
p 0.01** 0.01** 0.01** 0.01** 0.45 0.01** 0.01** 0.01**
Table 5 One way ANOVA analysis of different parameters
among the studied groups (number of each group = 10).
Parameters F p
AST 162.27 0.01**
ALT 255.28 0.01**
ALP 2020.13 0.01**
Urea 73.03 0.01**
Creatinine 20.79 0.01**
Glucose 449.76 0.01**
CPK-mb 8809.26 0.01**
LDH 604.93 0.01**
P value 6 0.05.
108 M.A. Abd-ElZaher et al.Sections of treated liver show mild chronic inﬂammations
with one necro inﬂammatory focus, which with increasing
the dose become multiple foci Fig 2. Also the pathological
changes in pancreas were increased with increasing the dose
from few chronic inﬂammatory cells, to multiple chronic
inﬂammatory cells, with thickened wall blood vessels and
ﬁbrosis (Fig. 3) (Table 6).
3.3. Discussion
Paraphenylene-diamine is a chemical used mainly in photo-
graphic developing solutions, hair dyes, photocopying andprinting ink, black rubber, grease, temporary tattoos and dark
colored cosmetics. The chemical is absorbed through the skin.
The type and severity of symptoms vary depending on the
amount of chemical involved and the nature of exposure.
PPD is used in almost every hair color dyes on the market,
regardless of brand. The darker the color, usually the higher
the concentration. Even the so-called ‘‘natural’’ and ‘‘herbal’’
hair colors, while ammonia free, contain PPD.11
Paraphenylenediamine (PPD) and para-aminophenol
(PAP) are examples of aryl-amines (AA). When used as hair
dyes, these primary intermediates diffuse readily into the hair
shaft where they undergo oxidative chemical reactions or cou-
pled with other dye precursors (typically met-compounds or
hydroxybenzenes) to form larger molecular weight, colored
species which subsequently become entrapped in the hair shaft,
conferring performance to the coloring process.12
Human exposure to PPD mainly occurs through skin, acci-
dental ingestion, or by inhalation of powdered particles from
hair dye formulations during dyeing process. The objective
of the present investigation was to test the hypothesis of the
hazards that could be attributed to the repeated topical appli-
cation of PPD.
In the present study, PPD induced signiﬁcant elevation of
liver enzymes with chronic inﬂammation of the liver in a dose
dependent manner. In other human studies, a 27 years-old Jap-
anese man with no history of liver disease was admitted to the
Figure 1 H&E staining of transverse section of the kidney shows
severe chronic inﬂammation; (a) ﬁbrosed glomeruli, chronic
inﬂammatory cells and thickened wall blood vessels in group III,
(b) glomerular ﬁbrosis, tubular cast in group IV, c: glomerular
ﬁbrosis in group IV (indicated by black arrows).
Figure 2 H&E staining of transverse section of the liver shows
severe chronic inﬂammation in group IV (>5 necroinﬂammatory
foci shown by the black arrows).
Figure 3 H&E staining of transverse section of the pancreas
shows severe chronic inﬂammation in group IV (chronic inﬂam-
matory cells, thickened wall blood vessels and ﬁbrosis shown by
the black arrows).
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with drug-induced hepatitis, as the three episodes of hepatitis
occurred just after repeated use of hair dye. After cessation
of the hair dye use, abnormal liver function tests improved
to within the normal ranges. Although, hair dyes contain var-
ious hepatotoxic compounds, hair dye is not known to cause
drug-induced hepatitis.13
The explanation of the apparent hepatotoxicity of the PPD
molecule, since a little fraction of PPD absorbed through the
skin is possibly retained for a long period (43.5 h.) which is
the plasma half life so as to produce toxicity toward hepatic
parenchyma and sinusoidal and/or central vein endothelial
cells (CVEC) with increased liver hemoglobin content explain-
ing that PPD treatment causes damage to SEC or CVEC and
causes extensive hemorrhages and subsequent deposition ofﬁbrin occurs within CV and sinusoidal compartments. Hemor-
rhage and ﬁbrin deposition caused by injury or loss of SEC can
result in the impairment of sinusoidal blood ﬂow that ﬁnally
leads to ischemic/ hypoxic injury of hepatic parenchymal cells
within the affected regions.14
The selected doses of PPD on chronic topical application
cause acute liver toxicity of the experimental animals. PPD
mediated hepatotoxicity is evident from histopathological
observation (inﬂammation of the portal tract) and sharp rises
in the serum biomarkers indicating liver injury which followed
in a dose dependent manner and agreed with the results of the
present study.10
Drug and chemical induced liver injury is a serious compli-
cation, because liver is central to the metabolic deposition vir-
tually all drugs and foreign substances. Xenobiotics may be
toxic by themselves or their metabolites and play an important
role in the liver injury. The mechanism of hepatocytes toxicity
may result either directly from the disruption of intracellular
function or membrane integrity or from damage affecting
endothelial or bile duct cells as seen in cholestasis or indirectly
from immune mediated membrane damage.10
Acute and chronic hepatitis are pathologically character-
ized by a prominent inﬁltration of lymphocytes into the liver,
and this histopathological feature is predominantly found in
the liver of PPD treated rats, while no such hepatic abnormal-
ities were found in the control untreated group of rats.15
The apparent hepatotoxicity mainly can be attributed to the
smaller amount of PPD molecules that reach the systemic cir-
culation and thereafter the hepatic circulation after percutane-
ous absorption.16
In another human study and parallel in to recent results,
two cases of chronic renal failure have been reported who were
admitted to Belfast city hospital after habitual use of henna
hair dye with a paraphenylenediamine base, the ﬁrst case
was for 15 year old female with serum urea = 192 mg/100 ml
and serum creatinine 7.7 mg/100 ml, and the second case was
for an old healthy woman of 62 years who had used a hair
dye with PPD base for 2 years and admitted to the hospital
with uremia and edema of the legs, blood urea concentration
was 366 mg/100 ml, and serum creatinine = 9.5 mg/100 ml.
At the postmortem examination, the kidney was small and
histologically there was a considerable hyalinization of the
glomeruli, and many of the tubules were distended with colloid
casts, and there were ﬁne ﬁbrosis with an inﬁltrate of
Table 6 Showing pathological changes in response to three examined doses of paraphenylene-diamine.
Heart Liver Kidney Pancreas
Group I (n= 10) No pathological changes
(n= 10)
No pathological changes
(n= 10)
No pathological changes
(n= 10)
No pathological changes
(n= 10)
Group II (n= 10) Mild chronic
inﬂammations (n= 3)
Mild chronic
inﬂammations (n= 1)
Moderate chronic inﬂammations
and interstitial chronic
inﬂammatory cells (n= 2)
No pathological changes
(n= 10)
Group III (n= 10) Moderate chronic
inﬂammations (n= 7)
Moderate chronic
inﬂammations with three
necroinﬂammatory foci
(n= 7)
Severe chronic ﬁbrosed
glomeruli; chronic inﬂammatory
cells and thickened wall blood
vessels (n= 4)
Mild chronic
inﬂammations (n= 5)
Group IV (n= 10) Severe chronic
inﬂammations (n= 7)
Severe chronic
inﬂammations with < 5
necro-inﬂammatory foci
(n= 8)
Glomerular ﬁbrosis and tubular
casts (n= 8)
Severe chronic
inﬂammations,
thickened wall blood
vessels and ﬁbrosis
(n= 10)
110 M.A. Abd-ElZaher et al.lymphocytes in the interstitial tissue. The interlobular and
arcuate arteries showed thickening of their walls but no evi-
dence of arteritis.12
There is rapidly accumulating evidence that use of oxidized
hair dyes causes various forms of nephrotoxic injury, however,
the regulation and implication of the nephrotoxic injury result-
ing from p-aminophenol (PAP) and paraphenylene-diamine
(PPD), the main components of oxidized hair dye, remain un-
known. In agreement with the current results, other study
found a highly signiﬁcant increased LDH production by
PPD stimulation compared with the control or after H2O2.
The same study showed a nephrotoxic injury resulting from
PPD especially its oxidizing form.17
In agreement with the recent study and in other human
studies, hairdressers with regular professional exposure to
PPD were evaluated for the presence of renal impairment
and other markers of kidney damage. Renal impairment, pro-
teinuria and hematuria were observed in 41.1% of hairdressers
with elevated serum urea and creatinine. These ﬁndings were
signiﬁcantly associated with the use of pure forms of PPD
and longer duration of exposure.18
The metabolic products of PPD have a high urinary excre-
tion rate, and their oxidation produces quinine-diamine, which
is a potentially nephrotoxic substance. Autopsy of patients
revealed renal tubular occlusion due to myoglobin casts with
histological evidence of acute tubular necrosis. Myoglobin
casts released due to rhabdomyolysis might be an additional
factor contributing to renal failure.19
First case of PPD was reported in a hairdresser in 1942
following exposure to PPD dye handling. PPD is readily
absorbed on dermal contact. Six children in a series of 31
Sudanese children with PPD poisoning were reported not to
have ingested hair dye. In cases of ingestion, the characteristic
chocolate brown color of urine could be a conﬁrmative evi-
dence of PPD poisoning in the absence of laboratory facilities
and when history is lacking in case of emergency. The other
consistent features are rhabdomyolysis, acute renal failure,
cardiac toxicity and hepatitis.20
In agreement with the current study, the adverse effects of
cutaneous PPD intoxication vary from contact dermatitis to
severe anaphylaxis. It was said that the initial trigger is the
cutaneous intoxication of PPD and the complications includ-
ing elevated blood glucose, acute renal failure, and the ketotic
hyperosmolar coma.21Toxic effects of PPD are considered to be related with high-
er doses causing rhabdomyolysis, acute renal failure and in-
creased likelihood of sudden cardiac death, skeletal and
cardiac muscle necrosis was experimentally induced by N-
methylated PPD in rats. Scattered coagulation necrosis of skel-
etal muscles was shown in autopsies. The increased free radical
formation in PPD poisoning causes histopathologicaly demon-
strated tissue damage in guinea pigs.22
4. Conclusion and recommendations
The current study revealed that the dermal exposure of rats to
PPD results in damages in the liver, kidney, heart and pan-
creas. This is proved by the biochemical changes that are con-
sistent with the tissue damage.
Thus, in case of hepatic or renal abnormality of unknown
origin, the history of hair dye use should be investigated.
From such a consideration, the replacement of the cur-
rent hair dye materials with less hazardous ones represents
an urgent challenge both from a chemical formulation and
risk assessment perspectives. There is a strong care for the
regulation and restriction of sale of paraphenylene-
diamine.
It is mandatory to offer safety precautions for the handling
of hair dyes to provide a sufﬁcient protection against local
and systemic exposure. PPD is expressly forbidden for use on
skin because it is such a dangerous chemical. It is permitted
for use as a hair dye only if the hair dye does not actually touch
the scalp.
Considering the results observed in the present investiga-
tion, further experimental information is necessary to conﬁrm
the role and the mechanism of PPD mediated hyperglycemia,
hepatotoxicity and nephrotoxicity.Conﬂict of interest
The authors declared that there was no conﬂict of interest.References
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